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(57) Abstract 



The invention relates to a drive system for a vehicle, comprising a gas turbine unit (3) with an output shaft (4). A steam power unit 
comprising a steam turbine (5) with a steam turbine input shaft and output shaft (6 and 7 respectively) is coupled by the steam turbine input 
shaft (6) to the output shaft (4) of the gas turbine unit (3). An exhaust pipe (16) arranged on the gas turbine unit (3) is coupled to a steam 
generator (13) forming part of the steam power unit 
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DRIVE SYSTEM FOR A VEHICLE 

The present invention relates to a drive system 
for a vehicle, comprising a gas turbine unit with an 
output shaft. 

5 It is previously known to drive a vehicle, such 

as a lorry or a bus, using a gas turbine unit coupled to 
the drive shaft of the vehicle. If appropriate, the gas 
turbine unit may be coupled to an electric drive system ^^-^ 
comprising a generator, an energy accumulator and an _v *i 
10 electric motor coupled directly to the drive shaft of the 



vehicle. Defending on how the gas turbine unit and the 
electric drive system are coupled together, they 
constitute a serial or parallel hybrid system. 

Gas turbine units produce high power in relation 

15 to their weight, which is favourable for vehicle 
operation.^ An advantage of arranging a gas turbine unit 
in a hybrid drive system is that relatively compact 
permanent -magnet machines can be used in the electric 
drive system as the gas turbine unit operates at a high 

20 speed of rotation. However, the gas turbine unit suffers 
great heat losses as a large proportion of the energy is 
lost with the exhaust gases of the gas turbine unit . This 
means that the overall efficiency of the drive source 
remains relatively low. 

2 5 The object of the present invention is to 

increase the overall efficiency of a drive system of 
which a gas turbine unit forms part. 

A further object of the present invention is to 
utilize essentially all the heat losses of a gas turbine 

3 0 unit in order to increase the overall efficiency of a 

drive system. 

A further object of the present invention is to 
generate electricity from the heat losses of a gas 
turbine unit. 

3 5 These objects are achieved according to the 

invention by virtue of the fact that a steam power unit 
comprising a steam turbine with a steam turbine input 
shaft and output shaft is coupled by the steam rurbir.e 
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input shaft to the output shaft of the gas turbine unit, 
and that an exhaust pipe arranged on the gas turbine unit 
is coupled to a steam generator forming part of the steam 
power unit . 

5 Such a drive system provides high overall 

efficiency as essentially all the heat losses of a gas 
turbine unit are lost with the exhaust gases. When the 
exhaust gases are led through the steam generator so as 
to evaporate a medium contained in a closed circuit, a 
10 very large proportion of the heat losses of the gas 
turbine unit are thus utilized in order to increase the 
overall efficiency of the drive system. Calculations have 
shown that an overall efficiency of around tj = 40% can be 
achieved. 

15 The invention is described in greater detail with 

reference to exemplary embodiments shown in the appended 
drawings, in which 

Fig. 1 shows a serial hybrid drive system for a vehicle 
according to a first embodiment, 
2 0 Fig. 2 shows a parallel hybrid drive system for a vehicle 
according to a second embodiment, 

Fig. 3 shows a direct -coupled drive system according to 
a third embodiment , 

Fig. 4 shows a drive system for a vehicle according to a 
25 fourth embodiment with a thermoelectric generator coupled 
to the drive system, 

Fig. 5 shows a drive system for a vehicle according to a 
fifth embodiment with a thermoelectric generator coupled 
to the drive system, 
3 0 Fig. 6 shows a drive system for a vehicle according to a 
sixth embodiment with a thermoelectric generator coupled 
to the drive system, 

Fig. 7 shows a drive system for a vehicle according to a 
seventh embodiment with a thermoelectric generator 
3 5 coupled to a gas turbine unit, 

Fig. 8 shows a drive -system for a -vehicle according to an 
eighth embodiment with a thermoelectric generator coupled 
to a gas turbine unit, 

Fig. 9 shows a drive system for a vehicle according to a 
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ninth embodiment with a thermoelectric generator couoled 
to a gas turbine unit , and 

Fig. 10 shows diagrammatical!'/ a sectioned view of a 
thermoelectric generator. 

In Fig. 1, reference number 1 indicates generally 
a drive system for a vehicle 2. The drive system 1 
comprises a gas turbine unit 3 which is coupled by an 
output shaft 4 to a steam turbine 5. The steam turbine 5 
comprises a steam turbine input shaft and output shaft 6 
and 7 respectively, the output shaft 4 of the gas turbine 
unit 3 being coupled to the steam turbine input shaft 6. 
An inlet pipe and an outlet pipe B and 9 respectively are 
coupled to the steam turbine 5, and a condenser 10 is 
coupled to the outlet pipe 9 of the steam turbine. A feed 
15 pump 11 is coupled to the condenser 10 by means of a 
first pipe 12, and a steam generator 13 is coupled to the 
feed pump 11 by means of a second pipe 14, which steam 
generator 13 is in turn coupled to the inlet pipe 8 of 
the steam turbine 5 so as to form a closed circuit C 
20 which contains a working medium 15. 

An exhaust pipe 16 arranged on the gas turbine 
unit 3 is coupled to the steam generator 13 so as to 
evaporate the working medium 15 contained in the closed 
circuit C. After the exhaust gases of the gas turbine 
25 unit 3 have passed through the steam generator 13, the 
exhaust gases are led out into the atmosphere through an 
exhaust opening 17. 

The working medium 15 contained in the closed 
circuit C of the steam power unit preferably consists of 
30 an organic medium comprising JIC318 or R13B1 . The chemical 
formula for RC318 is C 4 F e and the chemical formula for 
R13B1 is CBrF 3 . Other organic media are also possible. A 
working medium 15 that provides an essentially saturated 
steam after the steam turbine 5 is desired as this 
increases the efficiency of the steam turbine 5. In the 
event that saturated steam cannot be obtained after the 
steam turbine 5, steam can be drawn off after the steam 
turbine 5 and supplied to a heat exchanger {r.ct shown) 
which is arranged, fcr example, cn the second rice 14 in 
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order to heat the working medium 15 in the closed circuit 
C 

The gas turbine unit 3 can be of a conventional 
type, comprising a compressor part 17 with an intake 13 
5 for air. Compressed air from the compressor part 17 
passes through a combustion chamber 19 to which fuel 20 
is supplied and combusted in contact with the hot 
compressed air. The hot combustion gases expand through 
a . turbine part 21 of the gas turbine unit 3 and are then 

10 led through an exhaust pipe IS to the steam generator 13. 

During a steam power process, the evaporated 
medium expands in the steam turbine 5 and is then led to 
the condenser 10. In the condenser 10, heat is removed by 
means of a cooling coil 22 which can be coupled to a heat 

15 exchanger (not shown) arranged on the vehicle 2 and 
cooled by the wind created by movement. In the condenser 
10, the working medium 15 is converted into liquid. The 
feed pump 11 feeds the condensed working medium 10 to the 
steam generator 13 where heat from the exhaust gases of 

2 0 the gas' turbine 3 is supplied to the working medium 15 at 
.constant pressure. In the steam generator 13, the working 
medium 15 is converted from the liquid -phase*, via the 
moist steam stage, to superheated steam which is caused 
to expand in the steam turbine 5. The circular process is 

2 5 thus complete. 

According to the first embodiment, the steam 
turbine output shaft 7 is coupled to an electricity 
generator 2 3 arranged on the vehicle 2 and intended to 
supply an eleccric motor 24 with current, which electric 

3 0 motor 24 is coupled to a drive shaft 2 5 for the vehicle 

2 . The electricity generator 23 is connected to the 
electric motor 24 by means of electric conductors 25 via 
a control unit 27 which, if so desired, may direct the 
current flow to an accumulator 23. Under certain 
3 5 operating conditions, current can subsequently be 
supplied from the accumulator 28 to the eleccric motor 
24 . A vehicle 2 driven by a serial hybrid drive system is 
thus obtained. 
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can be coupled directly to the drive shaft 25 of the 
vehicle via a .gearbox 29 as shown according to a second 
embodiment in Fig. 2. According to this second 
embodiment, which forms a parallel hybrid drive system, 
an electric motor 38, which can also function as a 
generator, is coupled to the gearbox 29. The combined 
electric motor and generator 38 is coupled via a control 
unit 27 to an accumulator 28. Under certain operating 
conditions, the accumulator 28 is charged by the 
generator and, under other operating conditions, current 
is fed from the accumulator 28 to the electric motor 38. 
According to a third embodiment, however, it is possible, 
as shown in Fig. 3, to have the steam turbine 5 coupled 
directly to the drive shaft 25 of the vehicle via "the 
gearbox 29 without having a combined electric motor and 
generator 38 coupled to the gearbox 29. 

According to a fourth embodiment, shown in- Fig. 
4, a thermoelectric generator 3 0 comprising an inlet 
opening and an outlet opening 31 and 32 respectively can 
be coupled by its inlet opening 31 to the exhaust opening 
17 so as to be flowed through by exhaust gases that have 
passed through the steam generator 13 . The thermoelectric 
generator 30 is preferably coupled by electric conductors 
36 to the feed pump li and supplies the latter with 
current. Other equipment for the drive system 1 and of 
the vehicle 2 can also be supplied with current from the 
thermoelectric generator 30. 

Instead of placing the thermoelectric generator 
30 after the steam generator 13, the thermoelectric 
generator 30, as shown according to the fifth embodiment 
in Fig. 5, can be placed before the steam generator 13. 
The thermoelectric generator 30 is thus coupled by its 
inlet opening 31 to the exhaust pipe 16 "of the gas 
turbine unit 3 and by its outlet opening 32 to the steam 
generator 13 . 

Alternatively, the thermoelectric generator 3 0 
can be placed in the closed circuit C after the steam 
turbine 5, as shown according to a sixth embodiment in 
Fig. 6. The thermoelectric generator 2.0 is rhus connected 
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to the outlet pipe 9 of the steam turbine 5 and to the 
condenser 10. According to this embodiment, the 
thermoelectric generator 3 0 is designed to be flowed 
through by the working medium contained in the closed 
5 circuit. In certain types of operation, the steam may 
still be superheated after the steam turbine 5, and so 
the energy contained in the superheated steam can be 
removed in the thermoelectric generator 30. 

The embodiments described in connection with 
Figures 4-6 can be applied to the serial and parallel 
hybrid drive systems and also the direct -coupled system 
shown in Figures 1 - 3 . 

According to a seventh embodiment, shown in Fig. 
7, the thermoelectric generator 3 0 can be coupled 
15 directly by its inlet opening 31 to the exhaust pipe 16 
of the gas turbine unit 3 , in which case the exhaust 
gases from the gas turbine 3 can pass through the 
thermoelectric generator 3 0 and out into the atmosphere 
through the outlet opening 3 2 of the thermoelectric 
2 0 generator 3 0 after, if appropriate, having passed through 
a silencer (not shown) . Alternatively, the thermoelectric 
generator 3 0 can be designed as a silencer, in which case 
a separate silencer is rendered superfluous. 

According to the seventh embodiment, the output 
25 shaft 4 of the g as turbine unit 3 is coupled directly to 
the drive shaft 2 5 of the vehicle 2 via a gearbox 29. The 
thermoelectric generator 3 0 can be coupled by means of 
electric conductors (not shown) to the accumulator 28 of 
the vehicle 2 so as to charge the latter and/or coupled 
30 to peripheral equipment (not shown) of the vehicle 2 or 
the drive system 1 . 

According to an eighth embodiment, shown in Fig. 
JB, an electric motor 38, which can also function as a 
generator, can be coupled to the gearbox 29. The combined 
35 electric motor and generatorf 38 .is coupled via a control 
unit 27 to an accumulator 28'V Under certain operating 
conditions, the accumulator" 28 is charged by the 
generator and, under other operating conditions, current 
is fed from the accumulator 28 to the electric motor 38. 
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The system according to Fig. 8 thus constitutes a 
parallel hybrid drive . system,... The thermoelectric 
generator 3 0 can, via electric conductors 37, generate 
current for the combined electric motor and generator 3 8 
5 or the accumulator 28 via the control unit 27. _j 

It is also possible, as shown according to a 
ninth embodiment in Fig. 9, that the output shaft 4 of 
the gas turbine unit 3 is coupled to an electricity 
generator 23 which generates current for an electric 

10 motor 24 which is coupled to the drive shaft 25 of the 
vehicle 2. The thermoelectric generator 30 then also 
generates, via electric conductors 37, current for the 
electric motor 24 and for an accumulator 28 via a control 
unit 2 7 depending on the type of operation of the vehicle 

15 2 . 

A thermoelectric generator 30 is shown 
diagrammatically in Fig. 10 and comprises a number of 
Peltier-effect elements 33 of bimetal type which each 
have a first surf ace (j34>t which has contact with the hot 
20 exhaust gases of the gas turbine 3, and a second surface 
f 35 x which is^ cooled by, for example, s urr ounding air or a 
"cooling system with a heat exchanger (not- shown). 
Electric conductors 3 6 are coupled to the Peltier 
elements 33, which conductors 36 supply the feed pump 11 
25 and other peripheral equipment of the vehicle 2 and the 
drive system 1 with current generated in the Peltier 
elements 33 by thermoelectric effect. 



J 
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Patent Claims 

1. Drive system for a vehicle, comprising: 

a gas turbine unit (3) with an output shaft (4) , 
characterized in that a steam power unit comprising a 
5 steam turbine (5) with a steam turbine input shaft and 
output shaft (6 and 7 respectively) is coupled by the 
steam turbine input shaft (6) to the output shaft (4) of 
the gas turbine unit (3), and in that an exhaust pipe 
(16) arranged on the gas turbine unit (3) is coupled to 
10 a steam generator (13) forming part of the steam power 
unit . 

2. Drive system according to Claim 1, characterized 
in that the steam turbine output shaft (7) is coupled 
directly to the output shaft (4) of the gas turbine unit 

15 (3) . 

3. Drive system according to either Claim 1 or 2, 
characterized in that the working medium (15) consists of 
an organic medium. 

4. Drive system according to Claim 3, characterized 

2 0 in that the organic medium comprises RC318 which has the 

chemical formula C 4 F 8 . 

5. Drive system according to Claim 3, characterized 
in that the organic medium comprises R13B1 which has the 
chemical f ormula CBrF 3 . 

25 6. Drive system according to one or more of the 

preceding claims, characterized in that the steam turbine 
output shaft (7) is coupled to a drive shaft (25) for the 
vehicle (2) . 

7. Drive system according to Claim 6, characterized 

3 0 in that a gearbox (2 9) is arranged between the steam 

turbine output shaft (7) and the drive shaft (25) , to 
which gearbox a combined electric motor and generator 
(38) is also coupled. 

8 . Drive system according to one or more of Claims 
35 1-5, characterized in that the steam turbine output 

shaft (7) is coupled to an electricity generator (23) 
arranged on the vehicle (2) and intended to supply an 
electric motor (24) with current, which electric motor 
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(24) is coupled to a drive shaft (25) for the vehicle 
(2) . 

9 . Drive system according to one or more of the 

preceding claims, characterized in that a thermoelectric 
5 generator (30) comprising an inlet opening and an outlet 
opening (31 and 3 2 respectively) is coupled by its inlet 
opening (31) to an exhaust opening (17) for exhaust gases 
from the gas turbine unit (3) that have passed through 
the steam generator (13) . 

10 10. Drive system according to one or more of Claims 

1-8, characterized in that a thermoelectric generator 
(3 0) comprising an inlet opening and an outlet opening 
(31 and 32 respectively) is coupled by its inlet opening 
(31) to the exhaust pipe (16) of the gas turbine unit (3) 

15 and by its outlet opening (32) to the steam generator 
(13). 

11. Drive system according to one or more of Claims 
1-8, characterized in that a thermoelectric generator 

(30) comprising an inlet opening and an outlet opening 
20 (31 and 32 respectively) is coupled by its inlet opening 

(31) to the outlet pipe (9) of the steam turbine (5) . 

12 . Drive system according to any one of Claims 9 - 
11, characterized in that the thermoelectric generator 
(3 0) is coupled by means of electric conductors (3 6) to 

25 the feed pump (11) and supplies the latter with current. 

13. Drive system for a vehicle, comprising: 

a gas turbine unit (3) with an output shaft (4) coupled 
to a drive shaft (25) for the vehicle (2) , characterized 
in that a thermoelectric generator (3 0) comprising an 
30 inlet opening and an outlet opening (31 and 32 
respectively) is coupled by its inlet opening (31) to an 
exhaust pipe (16) of the gas turbine unit (3). 

14. Drive system according to Claim 13, characterized 
in that the output shaft (4) of the gas turbine unit (3) 

3 5 is coupled to an electricity generator (23) arranged on 
the vehicle (2) and intended to supply an electric motor 
(24) with current, which electric motor (24) is coupled 
to the drive shaft (25) of the vehicle (2) . 

15. Drive system according to Claim 14, characterized 
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in that the thermoelectric generator (30) is coupled by 
means of electric conductors (37) via a control unit (27) 
to an accumulator (28) arranged on the vehicle (2) and to 
the electric motor (24) . 
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